C 40 Fe 40 B 20 was deposited on a glass substrate to a thickness (t f ) of between 100Å and 500Å. X-ray diffraction patterns (XRD) indicate that C 40 Fe 40 B 20 films are in an amorphous state. The plane-view microstructures and grain size distributions of CoFeB thin films are observed under a high-resolution transmission electron microscope (HRTEM). The thicker CoFeB films have larger grain size distribution than thinner CoFeB films. The saturation magnetization (M s ) exhibits a size effect, meaning that M s increases as t f increases. The magnetic remanence magnetization (M r ) of CoFeB thin films are sensitive to thinner CoFeB films, and the refined grain size of thinner CoFeB films can induce ferromagnetic stronger spin exchange-coupling behavior than thicker CoFeB films, resulting in higher remanence. The highest magnetic squareness ratio (M r /M s ) of the CoFeB films occurs at thickness of 100Å, suggesting the 100Å of the as-deposited CoFeB film is suitable for magnetic memory application. These results also demonstrate that coercivity (H c ) is increased by an increase in the width of the distribution of grain sizes. The electrical resistivity (ρ) of such a film is typically higher than normally exceeding 100 μΩ cm, revealing that the amorphous phase dominates. These results are consistent with the XRD results.
Introduction
Amorphous structures in materials exhibit exceptional characteristics, including high strength and hardness. They also are associated with superior wear resistance in a bulk metallic glass (BMG) matrix. Co 40 Fe 40 B 20 magnetic thin films have just such an amorphous structure [1] [2] [3] [4] [5] . Almost nothing has been reported on corning amorphous magnetic materials. Amorphous Co 40 Fe 40 B 20 free/pinned layer of spin value is expected to be applied in magnetoresistance (MR) read-out heads for density magnetic recording applications. Co 40 Fe 40 B 20 magnetic thin films have attracted increasing attention owing to their use in applications that involve giant magnetoresistance (GMR), tunneling magnetoresistance (TMR), and magnetoresistance random access memory (MRAM), because of their low coercivity (H c ) and high spin polarization. The material is generally inserted into a free, pinned ferromagnetic component because of its spin value [6] [7] [8] [9] [10] . The material has a high spin-dependent scattering, lower coercivity, and stronger spin tunneling effect and therefore supports a higher output signal for particular GMR and TMR ratios in amorphous CoFeB/Ru/CoFeB, CoFeB/AlO x /CoFeB, and CoFeB/MgO/CoFeB magnetic tunnel junctions (MTJs). The very short electron mean free path in amorphous alloys yields a higher magnetoresistance (MR) ratios [11] [12] [13] [14] [15] . Since the mean free path is much shorter in amorphous materials than in crystalline materials, the dependence of the MR ratio on thickness is believed to differ markedly between them. Briefly, amorphous Co 40 Fe 40 B 20 thin film exhibits favorable mechanical properties and a high TMR ratio because of its amorphous structure and increased spin polarization.
This investigation elucidated the structure, magnetic properties, and electrical properties of Co 40 Fe 40 B 20 thin films using X-ray diffraction (XRD), a high-resolution transmission electron microscope (HRTEM), a superconducting quantum interference device (SQUID), and a traditional four-point sheet resistance meter, respectively. The XRD diffraction results confirm that CoFeB thin films have an amorphous state. The grain size distribution is employed 
Experimental Details
CoFeB thin films were deposited on a glass substrate at room temperature (RT) by dc magnetron sputtering with a thicknesses (t f ) between 100Å and 500Å. The typical base chamber pressure exceeded 1.5 × 10 −7 Torr, and the Ar working chamber pressure was 2 × 10 −3 Torr. The target composition of the CoFeB alloy was 40 at.% Co, 40 at.% Fe, and 20 at.% B.
The structure of the CoFeB thin film was characterized using XRD with a CuK α1 line (Philips X'pert). To determine the grain size distribution and the average grain size, a planeview microstructure was obtained using high-resolution transmission electron microscope (HRTEM, JEOL-2100F). The in-plane magnetic hysteresis loop of the CoFeB films was obtained using a superconducting quantum interference device (SQUID). To examine the electrical properties of the CoFeB thin films at room temperature, a traditional fourpoint sheet resistance meter was utilized. Figure 1 presents the X-ray diffraction pattern (XRD) of the CoFeB thin films. These results demonstrate that all of the as-deposited CoFeB thin films herein are in an amorphous state, yielding no apparent diffraction peak.
Results and Discussion
Figures 2(a) to 2(e) present the typical plane-view microstructures and grain size distributions of all CoFeB films from 100Å to 500Å, obtained using HRTEM, respectively. From the TEM observation, the result shows that the distribution of very small grain sizes exists at CoFeB thin films. It indicates that the as-deposited microstructure of CoFeB thin films is of amorphous or very fine nanocrystalline state, because the HRTEM resolution is stronger than XRD measurement. The grain sizes of thicker CoFeB thin films are generally thinner than CoFeB thin films. Figure 3 (a) displays the saturation magnetization (M s ) and remanent magnetization (M r ) of CoFeB thin films. The figure reveals that M s increases linearly with film thickness whereas M r exponentially decreases. This figure suggests that CoFeB thin films exhibit a size effect, meaning that M s increases owing to spin ferromagnetic coupling as t f is increased from 100Å to 500Å. In contrast, M r decreases as t f is increased from 100Å to 500Å. The refinement of grains in thinner CoFeB films reduces the effective anisotropy constant, increases the effective spin exchange range, induces ferromagnetic spin-exchange coupling, and thereby increases the remanent magnetization and the squareness ratio (M r /M s ) [16] . The magnetic squareness ratio (M r /M s ) of the as-deposited CoFeB films, an important parameter, is highest at a thickness of 100Å. The disturbed read/write signals of a magnetic device decrease, suggesting that the as-deposited CoFeB film with a thickness of 100Å is effective in MRAM. Figure 3(b) plots the relationship between coercivity (H c ) and magnetic spin switch state of amorphous CoFeB thin films. H c increases with t f . This result is consistent with the grain size effect [17, 18] , indicating that larger grains are associated with higher H c . Figure 4 plots the resistance (R) of the CoFeB films. The corresponding electrical resistivity value (ρ) is calculated using the following formula [19] , as also displayed in Figure 4 . The resistance and electrical resistivity are reduced as the CoFeB thickness increases. The R values range from 150 Ω to 22 Ω, and the ρ values are form 245 μΩ cm to 133 μΩ cm as t f increases from 100Å to 500Å. The electrical resistivity is given by
R and ρ are the resistance and electrical resistivity of the material, respectively. L represents the conductive path of the electron. A denotes the cross-sectional area of the material and width is A/t f . Grain boundaries and the surface of thin films scatter the electrons, and so thinner films have higher resistance than thicker films. The electrical resistivity (ρ) of such a film is generally higher than normal exceeding 100 μΩ cm, revealing that the amorphous phase dominates. These results are consistent with the XRD data.
Conclusions
This study investigates the structure, magnetic parameters, and electric properties of amorphous CoFeB thin films. XRD indicates that CoFeB thin films are in an amorphous state and yield no apparent diffraction peak. To observe the grain size distribution, the plane-view HRTEM shows Journal of Nanomaterials thickness of 100Å, suggesting the thickness of 100Å of the as-deposited CoFeB film is suitable for magnetic memory application. Finally, the coercivity (H c ) is also associated with the distribution of the grain sizes.
